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syngeneic recipients due to an eniance^anS?^ 
mmune response. An adenovirus vector fAdCAlT 

SvedrTfhVs' ) ad f d,t,0n> Synthetic P e P tide epitopes 
MHCnJ^f ? f Ce ° f tumor cel,s m association with 
MHC I molecules result in specific antitumor CTL activitvT*\ 

biopsies but are ur^^V^^^ Sto 
mediate cytotoxic activity (8). It has been ^ ° 

sTgXeS^H CCUS ^ ,3Ck ^ary^cosSuSo " 
signals required to induce expression by immune effector cells 

?9 Tm f ° r aCtiVatiOD and Photon TcS 

o VesioS tr^,"*? ID ^ ^ failure ° f TceUs 

DNA encoding the B7 costimuiatory molecule (1 1? In the 

tern u*d in anted mod* and In ,L d£fcStai!c?JX 
»r 0 -2 ,n ,e™n, nqara re p«,»d high dose,, renSg " 
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severe side effects including vascular leak syndrome edema 

tareTlb ^f' 8 ' and hypotension JevieTed 

o f £ 2 hLT, aV °' d ^ pr0bIems > local ^livery of low X« 
tn ^ ^ bee ? nivest W"ted in animal models and waTfound 

SdTedu^t t,tUm ° r aCt l Vity ' reSU,tiD g in «creaidTuS 
"'.^ tumor growth without the side effects associated 

or achieving high intratumoral concentrations of IL-2 atten 
or .has turned to the use of gene delivery irLtois" 

Slrce r°;? ly r ithin or around 11,6 ^ ififfl 

tumor cells with retrovrrus vectors exriressimr rh» n T °" 01 
cu^t^ 

produce large quantities^ paJPySS^SS^ 
J^^veryaw^rclinicta Moreover for 

2sT^ 

DMA £r a PP r °Pnate promoters. More important Ad 
anH * ' n ° rmaUy totegrate int ° infected Si ge 
, n 7^ hUS ex P ressi01 > °f the foreign gene product is 

5^^" ™ ed 10 ^iver fytfkinesTlmm:! 
.notnerapy an Ad-based vector would therefore not result in 
chrome stimuktion of the immune system °L mighT of™ 

cytomegalovirus immediate early promoter (HCMV mt anrf 
to simian virus 40 poly(A) signals (SV40 An . Th^vectol waf 
found to express high levels of hIL-2, modulate tumoriSn cTw 
and induce regression of existing tumors leadK^SS 

MATERIALS AND METHODS 
miHs°!L Str,1Ctl0n of Reco ™Wnant Plasmlds and Viruses Plas- 

accordin i t0 s,andard p ro= S. • 

inecUNAfor hIL-2 was inserted between Xho I and EeoKl 

SSS^hm^ . Ad < adenovirus; h, human; CMV, 
^MidTfSyoma^ 

TO, i^iJu^rfeptaSr' ^ cy,o,oxic t iymphoc y te: 
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and c^^'^SS^S^^ 

MPF7 u ' adlal P hase human melanoma H7V 

. ' huma n breast carcinoma (ATCC HTR rr\ ■ SvnVS' 
pnmary murine polyoma middle T antifien^S^^' 
mammary adenocarcinoma exolanted fmi,, ) "^ duced 
(this paper); B16BL6, mu™ meKm Sv 2^7° ^ 

^ siocks ot virus, which were grown in 293N3S spinner 

Detection of IL-2 ExDressinn r\,n„ . , 

multiplicity of infectionTfn ni^ f ^ n,fccted at a 

bath, and stored at -7n°r £ * . ^" m a drv - ,c e/ethanol 
secret^hfT T C for det «:tion of IL-2. Levels of 

SSI ^Sy s ;m e s) qUantitated USiHg the ^"tikine eSsa 
tralSS^^^ 

noma in this s?udy ftral Mra 3 4 ^?^ an,mary aden °«"ci- 

heim) in 100 ml ofWJSa52£ , a?te^ 

clumps of cells were allowed to settle a„rf f^ ( )]l Large 
centrifu£ed at 1 snn m ™ f £ • and the su Pernatant was 

centriSo p SSffcJj ^ a ' 4 C in a GPR 
minimal essential ntri?nm / P , e " etS were suspended in 

virus nni at i nn i, l^ 1 fc l -deleted control 

suspension Mice werp th^n T . ^ of tamor c eU 

tion for time of turno" aZ ^^ My Md ^ P a, P a " 

wer^pTred "JtSfil"^ Tum ° f CeU 

vlru..Afte^S! d 4 |5? , ! Il but werC n0t with 

measured usine caline™ nZr i ■ ■ • one - Tum °rs were 
weekly interval Z1 P 1 m J e P t,on of v ™ and at 
determining^ \~ ^L^T T W3S 6Stin5a,ed «* 

calculattag!hevolumfaI S d Za! width and 

s me voiume assuming a prolate spheroid. 
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HCMV qxMn 

^v^w 

A J 9.8 



Xho I 



Eco R| 



Ec°RI sites (from p A g A2 Qi^"A^- n ^ ed by I and 
region of pCA14 ( 3 P 3) p^g SSTnaU? 2 ^ T P ° lylinker 
HCMV IE promoter and die SV4n a h ? L - 2 , u ° der ^ control of the 
cells with pCA™2P Md nBHr™ ^ Cotta ^«tion of 293 
AdCAIL-2 P ^^j^^T^** reconibina '" virus 
shown flanking ^^JHmf* ^ ^ 
corresponding "-^b-JS^^aj^ 

RESULTS AND DISCUSSION 
Knette of a.2 Expression in Cells Infected with Ad- 

°f El by an «^^^*2^^-gS*S 

promoter, the hIL-2 cDNA and the WdnV , IE 

r,2rS 1 ?1 a t, 'J rollfe ™ ,ion " * e 
of the HCMV tp ^ part t0 the rela tively lower activity 

r id i^^^^jr^i^ 

leadTi ™ S7„ e „^ men l" NOrth AnMrica and is 




2 4 6 

Time post-infection (days) 



(•), MeWo (a), Wm35 MCF7^T?i!' daShed ^ 793 
B16BL6 (a). MCF7 (•, dashed line), FVBMT (o). 
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lignancy will eventual diffro™ develo P ,n g P'-mary ma- 
majority of breas. canLS hlTb-??^ disease <«)• * 
^oncogene,,*^^^^. to overexpress 
and these molecules may tx ^otifLi u ' (reviewed ref. 45), 
immune effector celK ?d$^T mW ^**** 
mal tissue. Bnwt «W ^ **■ 

treatment by immune to^K" 6 3 prime tar 8 et far 
gered against the tS^^^^'^m.^ 
memory immune effector rells th at l esta »>lishment of 

^?^.^^^2S^2C 1Bd destroy 

repeat develop ad enocar^ZmrnfT r VlrUS ,0n 8 ter minal 
8-10 weeks of age S ? U mn helium by 

carcinomas found t hZTan & ^"J* the 

f neous,andwi,,meiL n e ^ t a ^ lurT^S ^ 
tumors can be explanted frnm thl. ^" • from Penary 
with a coUagenaSfsp^ 

suspensions that can bemim a in P H g ?" erate sin g ,e 
tumor cells express Pyl^dT Th^ h Because the 

nogenic and, conSj !w£ I^" 1 " be /elatively immu- 
doses of irradiated mmw ceS 1 f 7,°* ?° c ° ns «*"ive 
against lung metastases' 2 . P ' C0Uld mduce Protection 
quentrydeliverTdbv^^ ^ • ceUs were subse- 

"W AlthS S dT 3d ? fTB - ^ J G - Unpub - 
recognitionbyspeeffic^ fh. ,1.. 3 tar 8 et *» 

ing injection of ^ rejeCted fol,ow - 

neic animals, and palpable soil??" ™™m«nfaed synge- 
injected animals by l5- 20 Z? rSdeVe,0p m 100% <* 
continue to grow and have SLT Je ? WL ^ tumors 
spontaneoiisfy.Tms system th^»f " observed to regress 

which to test the S cyS ^ ^ WCeUe,lt model fa 

=e to 

infected in vitro wiS either f rf r^ WWe expIanted 

irus contauiing no insert (31)] at 100 pfu 
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Days post-injection 

-* with AdCAIL-2 

saenficed and the tumor* JZl 1 ™ ea ™8 transgenic mice were 
Ashes overnight. Cells were rh^Lf . grown in culture 
Addl70-3 at iS^^oSS 7 i,h ? ther AdCAIL-2 or 
mice were injected s.c. in fcrtS^ Syngeneic FVB/N 

were monitored for the ff I , "f^tT W < umOT Mice 
of mice remaining tumor free is shown T f °" ?" d 1,16 P er <*ntage 
jection. The graph representethe pooled rf at T tl °" ° f ,ime 
experunents. o, Uninfected n - f ^i? from independent 
AdCAa-2 infected T= 19 " * D ' Addl7 °- 3 infe <="* t " = 9; • 



60 go 
Days post virus injection 

cultured for 24 hr, at whichZ e W u ' nr m,< ? Were ex P lanted *"d 
syngeneic mice. Twentv-one dai n T ' C ' lls were in J ected into 
palpable tumors had devXpedt 5 U S^° f ^ Cei,s > wh <=" 
■ntratumorallywithSx lOSpfu 0 f AdCAn ^ **" injeC,ed 

alone. W Tumors were nHE^^?"*^ 3ww «*HS 
then weekly (see text) o 7bs „ P „° Mjectlon of ,he virus and 
AdCAIL-2, n = 8 Tniin;: i ' 1 = 4; D > Addl70-3, n = 6 - . 
animal tha failed 2^ST^ ' h<! i in8,e ^n^lnj^Jd 
Fraction of mice su%MSw^2? tod ^ dashed I) 
Symbols are as in >4 One animal ? • fT 6 "' with PBS « vim 
CAIL-2 died of unknown S ,n,ra »»»°"% with Ad- 

mcluded in the data set 3yS P° s,ln je«ion and is not 



Medical Sciences: Addison et al. 

sion, and by 3-4 mL^?™ C ? mplet ° 

palpable tumors couTd be 2^" ne " h ! r visib,e nor 
tumor regression occurred rtnZ „ *f** "I Which com P le * 

experiment (see below) In the „„7 ed ,n a cha,1 enge 

regression fa led to occur l^tfv m °~ Se m which tum ^ 
of tumor growt ^w^ notsiS, ^^« Fig - ^ tbe kme «« 
PBS control. ^Sd < SS??? re,,tft « nth at«rftte 
efficiently into the tumor of thl mlUre t0 de,iver vi ™s 
of virus o y ut of the Se of SSr* " ' SUbSeqUeW leak 

*2?^faS^ with the — 

failed toshowany ^mo r re?r^ P „ 6 t0 t £ at of tum °' 
shown), suggesZZt L 2 Zt S °^ owth delay (data not 
to median > the !fSl Hm™ n mtratu ™orally 
support the hypoSar^^lie^ro^ 115 

jectfon ^dt^SS^m^^ 7 P osti "" 
cytes present within the Sr c^atd ? lymph °- 
control tumors, suggesting that . I S ^J* 008 from 

accumulation of lymStes L the " duces P rollf eration and 
Results from the TexDerimL? nf V T (d , ata not snown )- 
experiments ue^SST-fift 'aTI'^ additionaI 
tumor regression was ob^rJL „ ? • Alth °ugh complete 

animals trLtedTneTperuneS^ f 3 ° f the 

tumor growth was observ^H ; 3 ' a P ron °unced delay in 

data from aH Ar^^Z^T aD ^ k (87% for P«*d 
treated tumors compile ^S^SV?- 
partial response, tumor deveEnt • ° -? a,S showin 8 a 
and survival wa toSSS^!!" 8 T' ***** dela y ed 
untreated animafc Tor wnrro? v, P longer than for 

that might contributed^ v "^ eCted animaJs - Fact °« 
AdCAIL-2 Sion Je S '■J**** m the res P°nse to 
transducing Tus to th? tu ™ !?- nCy ° f deUver y of 
inationwilm he Lo rm ^TT and ,^ retenti0n and dissem- 
derived from Xd °. the tUmor cells 

be due to differences hi £ m ?n ex P erim ents may 

cejs obtained f^S^ST^ * the ^ 

tumors regressed were resign t ^ tb , er mice m whic " 

lenge. M£tb*?££££?£^^ Bd tura ° r cell chal- 
lenged with t^ssssssSi w e 8 e r ion were 

injection (12 weel« , 16 weeks postvirus 

tumors) b ll^tn f& TeTs^T^ * V-* 
Untreated age-matched cnnSj ■ ? ^ e °PP oslte lank, 
with the turnL S^SS^'SS^? , a, *> Nec*d 
possessed the potential form 2fiS^^ < SSS5£ 

o'AdCArZr" reSP ° nSe f0U0Win S "^tumoral injection 





Response 






Exp. 1 


Exp. 2 


Exp. 3 


Total* 


NoneT | 
Partial* 0 
CompIete§ g 


2 
2 
1 


0 
6 
4 


3/24 (13) 
8/24(33) 
13/54 fSd\ 


rercentage in parentheses. = : — 



l^XlZl^ ddayed Md • skived 2-6 w k 

^Complete regression of tumors and no reoccurrence. 
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and^T where^tt^ 0 deVd ° ped Xwum days 15 

tumor ^wm^^lr? sh r d "° * 

mice) and 42 weeks ^1 ^"f 11 ^ free at 32 (eight 

pendent tStt^^T* 1 !?* ta 

gressed followm/AdCAn%T W 5 lch tumors ha d re- 
immunity agZfa suSeau e n^ eCt ' 0n 1 de , Vd °P ed lon 8" te ™ 
nity is liLy* He SSSfc^?^ ^ imn,U - 

Parental tumor e-ftS 

In view of the fact that AdPAir it j . 
cells prior to infection resn?^ . transduction of tumor 

into existing tumors is sureri^ 0 n ,T hen dlrect| y in i ecte d 
and mode of deS of AdCAn' I T% ^V*" that ^ time 
in mediating tumorTefressio^ 7 b % c , ntica "y ^Portant 
fortamun^ffe^^ 

pnmed, and actrvated, by which timr/hi- 6 1,111101 Slte > 

be insufficient or too aTeto corn^ "Wemay 
In contrast, ^t^^^^^V^ 
has passed for recruitment • • Dearm S' sufficient time 

cells within tteS?Sr?rST ,,,g ° f in,mune effector 
intratumoral expreS o? I % X t ^ • 6 Ueat ™^ a "d thus 
more effectivTXta. fn at t - ,hlS ?° int ma y be m «ch 
potent «utoair^ a <£^? a "d 

when treated in tto^™^h T ^ n ? 1 t ^. tlTOl ^«»ed 
primary tumor ceUs whfch 1^ t 3 reflection of the use of 
may v2y in ^^S^S^^ ? ical 
note that mice miected s c 3h ""Portant to 

develop tumors aUhe site of w^ M ^ r t tumor ceUs aIwa ys 
the potential mSl S ?" and that the tumo " hav c 
Thus ability » °Zl?n SrSn of ? regreSS s P° nta °cously. 

n^2^ta^ I 22jjs2? te ; tha, , tumor cells secr *»g 

CD8 + T ceHs and S.tf™' actlv,t y 11131 wa s dependent on 

lived and that 50% 7 !l L^, ,S P rotection was short 

"cured" mice w e S^SS^^\? M fcdi » *»« 
afterprimarytumorre^son^ i 3 chaUen g e 3 months 
had developed ^ta^^^^': SI, «»? t that these mice 
cells. UnlikLance7the3 ZT* f t0 the PyMidT tumor 
to mediate tumor cell fSX Z^*™ ^V- 01 ^ 
therapy may generate S 1 thls form of immuno- 

proteaion from £55 s^ ar v e ? POnSeS J that WOuld lead to 
tastases. Devebpmen of thk ^ develo Pmcnt or me- 
important fo Z tteatmem I of ,mmuni£ y is extremely 

metastatic SDread rrfth.!? P t nt USua "y s «ccumbs to the 
and CorS a / Xhat ea £ Hadda da« a /. (28) 

of an Ad vector carrvinHh "?° ned 3 ^Peutic effect 
mastocyto^odelX^udieT"™ 6 ^ gCne in the P ^5 
the de^^Ad»^^ B P T? , l? mher eWdence that 
highly effective antitnmn? y " 8 Cytoklne 8 enes can induce 
maprim^^^^^ 
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